The diversity and extent of sequence variations between hepatitis C virus (HCV) isolates from Pakistan were studied and the probable effects of these variations were assessed on secondary viral structures. Sequencing and phylogenetic analysis was performed on 33 samples, of which 25 were typed as genotype 3 by RFLP (restriction fragment length polymorphism) and 8 remained unresolved. Rooted neighbourjoining (NJ) tree revealed that 28 isolates were HCV type 3a and 5 isolates were typed as 3b. The majority of unresolved samples clustered in a different branch of genotype 3, supported by a bootstrap value of 71%. Another, cluster, cluster I, was found to have a bootstrap value of 81%. Genetic distance values showed significant diversity of isolates in these two clusters compared to the reference sequences. Pairwise comparison showed the presence of additional restriction sites of HaeIII and RsaI in unresolved isolates. In conclusion, unique sequence variability was observed in the 5 -UTR of HCV type 3 isolates from Pakistan. One of the reasons for this sequence variability is the presence of mutations, which are additional restriction sites in the 5 -UTR. These mutations were also responsible for failure of conventional RFLP to type some of the HCV isolates.
Introduction
Hepatitis C virus (HCV), a hepacivirus member of the Flaviviridae family, has a positive-stranded RNA genome, which consists of a single open reading frame (ORF) and untranslated regions (UTRs) at the 5 and 3 ends. Based on phylogenetic analysis, HCV variants discovered to date are clustered into a two-tiered classification; major genotypes are clustered into six clades, and each genotype has several subtypes (de Lamballerie et al., 1997; Mizokami et al., 1996; Robertson et al., 1998; Simmonds et al., 1996) . The importance of determining the HCV genotype has increased since several investigators have described a significant correlation between hepatitis C virus genotype and response to interferon treatment or disease severity (Dammacco et al., 2000; Farci and Purcell, 2000) .
Abbreviations: 5 -UTR, 5 -untranslated region; HCV, hepatitis C virus; ORF, open reading frame; E1, envelope 1; RFLP, restriction fragment length polymorphism; ALT, alanine amino transferase; RT-PCR, reverse transcriptase polymerase chain reaction; MP, maximum parsimony; NJ, neighbour-joining; IRES, internal ribosomal entry site.
* Corresponding author. Although HCV demonstrates a high degree of sequence variability, the levels of heterogeneity differ considerably among various regions of the genome. The untranslated regions are highly conserved between genotypes (Bukh et al., 1992; Kolykhalov et al., 1996) , as is the initial coding region (core region). However, the E1 and E2 genes are highly variable and typically differ at over 50% of sites between genotypes. Interestingly, a short sequence of 5 -UTR region has the potential to be used as a novel target for anti-HCV therapy (Ray and Das, 2004) .
A number of methods are available for genotyping HCV (Bukh et al., 1995; Nakao et al., 1991; Machida et al., 1992; Dixit et al., 1995) . Sequence analysis of the whole HCV genome remains the gold standard, but it is laborious and expensive, as are the immuneblot assays available commercially. RFLP analysis of sequences in the 5 -UTR of the HCV genome (Davidson et al., 1995) is also used widely in the clinical setting and allows the correct identification of the HCV genotype in more than 90% of cases.
HCV is a major cause of chronic hepatitis in Pakistan where genotype 3 has been reported as the most prevalent type (Bukhtiari et al., 2003; Khokhar and Niazi, 2003; Shah et al., 1997) . However, data are lacking on the variability of HCV genome in different regions of Pakistan. The present study aimed at an in-depth analysis of sequence variability in a well conserved region i.e. 5 -UTR of HCV isolates from Pakistan. The 5 -UTR was selected because of its importance as an essential component of the internal ribosome entry site (IRES) that regulates cap-independent translation of HCV (Wang et al., 2000) . For the identification of genotype distribution of different isolates from patients infected with HCV at present in Pakistan, RFLP analysis was used (as it is a more economical assay for screening a large number of samples). DNA sequencing of the 5 -UTR of HCV isolates was performed for the analysis of genetic variation among different isolates. Selected samples were assessed further by phylogenetic analysis to confirm the extent of variations in the 5 -UTR of HCV isolates. Pair-wise alignment of the sequences was done in order to determine the exact location of mutations in the sequences of HCV isolates. Additionally, the effect of mutations was observed on the putative secondary structure model of the viral genome.
Materials and methods

Patients
Two hundred patients (116 male and 84 female; with a mean age of 45 years) with chronic hepatitis C virus infection presenting at the Gastroenterology clinics at Aga Khan University Hospital between 1998 and 2001 were included consecutively in the study. All patients had abnormal ALT levels (122.9 ± 72 IU/ml), positive serum HCV antibody as determined by 3rd generation ELISA (Abbott Laboratories, North Chicago, IL, USA) and negative hepatitis B surface antigen. Serum samples were collected prospectively, aliquoted and stored at −70 • C for virological tests. The study was approved by the Aga Khan University Ethical Review Committee (ERC) and informed consent was obtained from all patients prior to participation in the study.
Virological tests
Amplification of HCV 5 -UTR
Total RNA was extracted from serum by using Tri Reagent as per manufacturer's instructions (Sigma, Chemical Co. St Louis, MO, USA). The RNA pellet was reconstituted in DEPC-treated water containing RNAse inhibitor and stored at −70 • C until further use.
HCV RNA was amplified by RT-PCR followed by a nested PCR using genotyping primers, as described by Chan et al. (1992) . For first strand cDNA synthesis, viral RNA was reverse transcribed by using anti-sense primer (#209) (Chan et al., 1992) to the 5 -UTR. Cycling conditions for PCR were essentially similar to the one described by Chan et al. (1992) . In outer PCR, cDNA was used as the template to amplify a region of 600 bp. For amplification, cDNA was supplemented with PCR mixture of 20 l, containing PCR buffer (1×), MgCl 2 (1.5 mM), Triton-X 100 (0.1%), dNTPs (200 M), 200 nM of sense primer and 1 unit of Pfu Taq polymerase (Promega). Target sequence amplification was done by cycling conditions as described (Chan et al., 1992) . The amplified product was used as template for inner PCR or stored at −20 • C.
Inner PCR was performed under the similar conditions as used for outer PCR. Outer PCR product (2 l) was used as template with 200 nM of nested primers (940 and 211). Amplified products (250 bp) were analyzed by electrophoresis on 2% agarose gel.
RFLP analysis for genotype identification
To determine the genotype of HCV, RFLP analysis was done as described by Davidson et al. (1995) . Briefly, amplified products were digested by 2 sets of restriction endonucleases, RsaI + HaeIII and HinfI + MvaI. Digested products were studied by electrophoresis on 16% polyacrylamide gel. The genotype was determined by the pattern of the bands present in each sample.
Sequencing
For the sequencing reaction, an amplified fragment of the 5 -UTR (250 bp) was purified and directly sequenced using standard protocols for the ABI 377 automated sequencer (Applied Biosystems, Foster City, CA, USA). Primers used for sequencing were the same as used in the nested PCR (#941 and #211).
Nucleotide sequence variability in the HCV 5 -UTR
Nucleotide sequence variability was determined in the 5 -UTR of the HCV genome isolated from different patients. Phylogenetic analysis of 5 -UTR sequences was carried out to identify the clade and subtype distribution of different HCV isolates, especially those which were not resolved by the conventional RFLP method.
BLAST analysis
HCV sample sequences were submitted to BLAST programme to identify the similarity of sample sequences with the reported databases. Sequences were submitted to EMBL. The EMBL accession numbers of sequences reported in this paper are AM228866-AM228898
Reference sequences retrieval
At least 10 sequences of each HCV genotype (1-6) were retrieved from GenBank database to construct rooted neighbour-joining (NJ) and maximum parsimony (MP) tree. Accession numbers of sequences are given below.
Accession numbers of reference sequences
AF046866-3a, D29819-3a, AJ006318-3a, AJ006323-3a, D28917-3a, D493743b, D166203d, D166183e, D166143f, X914213g, Y11604-4a, Y13184G-5a, AF064490G-5a, D63822-6a, Y12083-6a.
Manual multiple sequence alignment
Sample (HCV isolates) and reference sequences of HCV 5 -UTR were aligned manually by using SE-AL software (http://evolve.zoo.ox.ac.uk/software). Secondary structure information regarding 5 -UTR was also considered during manual alignment.
Phylogenetic analysis by PAUP*(phylogenetic analysis using parsimony*and other methods) 2.5.4.1. Phylogenetic tree construction.
2.5.4.1.1. Maximum parsimony and neighbour-joining tree construction. Rooted maximum parsimony and neighbour-joining trees were constructed by using PAUP* software (Sinauer Associates, Inc., Sunderland, MA, USA). Data were subjected to ModelTest (www.modeltest.com) for DNA substitution modeling required for the construction of a phylogenetic tree. Data was evaluated by ModelTest which showed F84 as the best DNA substitution models for further analysis. The DNA substitution model F84 (Felenstein and Churchill, 1996) was used to construct neighbourjoining tree. Reliability of the NJ and MP trees was evaluated statistically by bootstrap analysis with 1000 replicates.
Average genetic distances of reference and sample sequences
DNADIST software was used to calculate the distance matrix of sample and reference sequences. Genetic distance matrix was used to calculate distances between all possible pairs of sequences.
The following average genetic distances were calculated further: (a) the average distances within reference sequences; (b) the average distances between reference sequences and samples present in cluster; (c) the average distances between reference and samples resolved by RFLP analysis; and (d) the average distances between reference sequences and unresolved samples
Pair-wise comparison of HCV isolates
HCV samples which were not resolved by the conventional RFLP method were also sequenced and subjected to pair-wise comparison. Gene Jockey software (http://www.eskimo.com/∼pristine/ biology.html#genejockey) was used for pair-wise comparison of HCV sequences. Each HCV sample sequence of a particular genotype (2 or 3) was aligned with the reference sequence of the same genotype (2 or 3).
Secondary structure of the 5 -UTR
HCV isolates showing unique sequences were studied in further detail. Secondary structure of RNA for these isolates was deduced using RNAviz software (http://rrna.uia.ac.be/rnaviz/).
Statistical analysis
All data are expressed as means ± standard deviation (S.D.). The degree of significance between various parameters of HCV infected patients was tested by Student's t-test. Fig. 1 . Rooted NJ tree of reference and HCV sample sequences of 5 -noncoding region. Multiple sequence alignment was performed manually using SE-AL software. Tree indicates the presence of some unusual sequences (cluster 1; bootstrap value 81%) appearing in a separate branch, in addition to unresolved samples (bootstrap value 71%). The reference sequences are indicated by accession numbers and genotype or subtype is indicated in parentheses. Samples of this study are indicated by R (resolved) or UR (unresolved) in parentheses.
Results
RFLP analysis for genotype identification
Out of the 200 samples analyzed, 190 (95%) were found to be positive for HCV RNA. The RFLP results showed that HCV genotype 3 was the most prevalent type (72%), followed by genotype 2 (23%). Only two patients were infected with type 1 (1%). A few samples (4.5%) remained unresolved by RFLP analysis.
Nucleotide sequence variability in the HCV 5 -UTR
Blast analysis
All unresolved samples (8 HCV isolates) and samples selected at random of genotype 3 (25 HCV isolates) were sequenced for a 250 bp fragment in the 5 -UTR. Blast analysis confirmed that both unresolved and randomly selected samples had high similarity scores with the reported sequences of HCV genotype 3 for which the 5 -UTR region was used.
Phylogenetic tree construction
Sequences of samples included in this study and reference sequences (clades 1-6) were aligned manually while considering the secondary structures present in the 5 -UTR. Aligned sequences were subjected to construction of trees followed by bootstrap analysis. Rooted neighbour-joining tree as depicted in Fig. 1 showed the presence of clades 1-6 as separate genetic lineages. All genotype 3 samples included in this study were present in clade 3. These were, however, separated in different clusters as described below. Robustness of the rooted NJ tree was confirmed by maximum parsimony tree and both trees showed identical results ( Figs. 1 and 2) .
Unique sequences of genotype 3a.
It was found that three samples (40R, 46R and 47R) were present in a separate cluster (cluster 1; Fig. 1 ). This cluster branched out within the major clade of type 3. The reliability of cluster 1 was supported by a bootstrap value of 100% (Fig. 1) . Further analysis showed existence of a significant (p < 0.01) genetic distance between cluster 1 and reference Fig. 2 . Maximum parsimony tree of reference and HCV sample sequences of 5 -noncoding region. Multiple sequence alignment was performed manually using SE-AL software. Tree indicates the presence of some unusual sequences (cluster 1) appearing in a separate branch, in addition to unresolved samples in a separate branch. The reference sequences are indicated by accession numbers and genotype or subtype is indicated in parentheses. Samples of this study are indicated by R (resolved) or UR (unresolved) in the parentheses. Genetic distances calculated by PAUP* using F84 DNA substitution model. Reference sequences include D1776 3a, AF04686 3a, D29819 3a, AJ006318 3a and AJ006323 3a.
In cluster 1 46R, 47R and 40R were included. Unresolved (separate branch) sequences include HCV226UR, C/JUR, Salma UR and Dr. Rashid UR. Statistical significance was calculated by Student's t-test; p < 0.05 was considered significant result. sequences (Table 1) despite their identification as genotype 3 by RFLP analysis.
Genotype 3b sequences. Five samples (48R, 04R, 41R, 121R
and 11R), clustered in a branch as genotype 3b, could not be subtyped further by RFLP analysis (Fig. 1) .
Unresolved samples by RFLP analysis.
Samples that could not be genotyped by conventional RFLP analysis (n = 4) were also present in the cluster of resolved samples. However, four of these unresolved samples were found in a distinct cluster, supported by a bootstrap value of 71% (Fig. 1) . Genetic distances calculated by F84 model showed that these unresolved samples were present at a significant (p < 0.01) distance from reference sequences and those that were typed by RFLP method (Table 1) .
Pair-wise comparison of HCV isolates
Pair-wise comparison of HCV sequences showed that additional restriction endonuclease sites (HaeIII and RsaI) were present (Table 2) within the sequences of unresolved samples. Additional nucleotides were also present in unresolved samples, which were clustered in a separate branch. Samples present in cluster 1 did not show any additional site for restriction endonucleases, however, additional stretches of nucleotide were present in these samples. 
Secondary structure of 5 -UTR
Secondary structure of HCV-RNA 5 -UTR (250 bp fragment) was deduced by RNAviz software. Nucleotide substitutions or deletions found in samples present in cluster 1 were analyzed for their putative effect on the secondary structure of this region. Substantial disruption was noted in stem loops of this region. It was found that mutations were mainly concentrated in stem loop IIId of the 5 -UTR region (Figs. 3-5) . In sample #47R (Fig. 5) , the genetic distance was greater than other samples as indicated by mutations in loops IIId, IIIb and also in domain II.
Samples that were not resolved by RFLP (showing additional restriction sites) were subjected to analysis of their secondary structure. Except for one sample (#AM-UR), minimal effect on secondary structures were observed (Fig. 6) . In sample #AM-UR, an additional HaeIII restriction site resulted in addition of another loop next to loop IIIb. 
Discussion
This is the first report that describes the sequence variability in the 5 -untranslated region (5 -UTR) of hepatitis C virus isolates from Pakistan. The most intriguing finding of this study is the identification of three isolates with unique sequences of the virus based on phylogenetic analysis of 5 -UTR sequences of HCV. Additional restriction sites found in 4.5% of samples resulted in the failure of conventional RFLP based method. This behaviour was a reflection of nucleotide changes which in turn altered the secondary structure of the 5 -UTR. Such mutations, found unique to the 5 -UTR region in several samples, were identified mainly in stem loop III region, which might have been responsible for the alteration of translation initiation function of the virus as reported previously (Yasmeen et al., 2006) .
Unique mutations in the 5 -UTR sequences
A notable variation was observed between various sequences of type 3a in HCV isolates. Sequences falling into the 3rd clade separated from each other in distinct clusters (cluster 1; Fig. 1 ) (Chan et al., 1992) . Branch lengths for HCV isolates in cluster 1 are considered to indicate a more rapid evolution process than the average of the other major genotypes. The average genetic distance of these sequences was also significantly different from the reference sequences.
Although the possibility of the presence of a new subtype can be inferred from these findings, it is considered that such observations need to be confirmed and substantiated by further investigations using more than one approach. Therefore, this particular finding is not assigned as a new genotype. It is recognized that assigning these unique sequences a new subtype will require an in-depth exploration on sequence variability in at least two coding regions (Simmonds et al., 1994) . However, the present information on phylogenetic relatedness provides a more appropriate description of the evolutionary and epidemiological history of a virus. Recombination with some other viruses is another possibility that may provide an answer to the alterations found in these unique sequences.
Unresolved samples
Blast analysis and phylogenetic analysis also revealed the genotype of samples that were not typeable by using conventional RFLP analysis. The existence of genetic variants containing additional restriction sites may affect the RFLP results, which is otherwise a simple and cost effective method for clade identification of HCV in screening of large number of samples. In clinical practice, correct virus genotyping has been shown to be critical for determining optimal treatment duration (Poynard et al., 1998) .
Structural implications of 5 -UTR sequence variation
The findings of covariant sequence change within the 5 -UTR coupled with the location and measure of other reported sites of polymorphism provide good evidence in support of the secondary structure model for HCV 5 -UTR proposed earlier (Brown et al., 1992) and modified here.
Nucleotide substitution within the HCV 5 -UTR may influence the viral translation and its sensitivity to the antiviral action of interferon. It has been reported that domain II induces a conformational change in the 40S ribosomal subunit, which has been implicated in the RNA decoding process, whereas domain III has been shown to interact with 40S ribosomal subunit and some trans-acting factors critical for IRES-mediated translation (Ali and Siddiqui, 1997; Kieft et al., 2001; Kolupaeva et al., 2000) . Mutations in this domain disrupt IRES-mediated translation initiation (Psaridi et al., 1999) . In the present study, it was found that samples present in cluster 1 showed mutations mainly in stem loop IIId (Figs. 3-5) , which may cause structural reorganization of the HCV IRES and ultimately reduce its activity (Jubin et al., 2000) .
With the availability of this new information and the findings related to correlation between sequence changes in the IRES region and translation efficiency of the virus isolated from different patients (Yasmeen et al., 2006) , a more rational approach would be to observe the variability in the whole IRES region, including the pseudoknot structure. Functional aspects of these secondary structure models could be confirmed by experiments studying the IRES function of artificial mutants (Wang et al., 1994) or interference anti-sense oligonucleotides (Wakita and Wands, 1994) .
Conclusions
In conclusion, this report describes the presence of unique sequence variability in the 5 -UTR of hepatitis C virus genotype 3 isolates from Pakistan. Mutations found in these unique sequences could have led to conformational changes in stem loop III that might alter the translation initiation of the virus. In future, major efforts will be focused to analyze the functional impact of these sequences with the inclusion of the whole IRES region and to determine their clinical impact. In the present study, additional restriction sites were identified that result in the failure of conventional RFLP analysis to identify the genotype in some cases. This necessitates sequencing of these isolates to explore the extent of variations at the viral genomic level.
